Spring 2012 
EE 330 
ENGINEERING ELECTROMAGNETICS 


HW 10: Due Friday 30 March (last HW before Exam #2) 
6.28, 7.4, 7.6, 7.13, 7.14, 7.15, 7.20, 7.22, 7.24, 7.27, 7.28, 7.32, 7.36 


Problem 6.28 In free space, the magnetic field is given by 
. 36 
H = —cos(6 x 10°¢—kz)  (mA/m). 
» 


(a) Determine Ñ. 

(b) Determine E. 

(c) Determine Ja. 
Solution: 

(a) From the given expression, @ = 6 x 10? (rad/s), and since the medium is free 
space, 


@ 6x10 
k= — = i —20  (rad/m). 
c 3x108 
(b) Convert H to phasor: 
a «36  . 
H=0 ti eJ" (mA/m) 
e: 1 : 
E=- Vx 
J@Eo 
1 OH, .10 
= -f +2- (rH; 
jOE l dz Tiro 0 3 
l E LJ (= w) 4 s *) 
jMEo dz\ r 
201 [pk -je 
JM@Eo r 
. 36k  ; .36x377 _; _ < 13.6 _ 0, 
=f eie LR oike y 19-3 =F eJ” (Vim). 
@Egr r r 


E = 9te[£e/] 


MEX 
=f—cos(6 x 10°t—20z) (V/m). 
F 


(c) 
Ja — £y — 
Ed" 
13.6 9 
= $— — £o—- (cos(6 x 10?t — 20z)) 
r Ot 


p 13.6€0 x 6 x 10° 
» 


sin(6x 10? — 202z) (A/m?) 


„0.72 . 
= —£——-sin(6x10?r—20z) (A/m?). 
" 


Problem 7.4 The electric field of a plane wave propagating in a nonmagnetic 
material is given by 
E = [$3sin(z x 10’t — 0.2zx) 
4-Z4cos(zx10/r—0.2zx)) (V/m) 


Determine 


(a) The wavelength. 


(b) &. 
(c) H. 
Solution: 
(a) Since k = 0.27, 
20 2 
A= — = —— = 10m. 
k 0.20 
(b) : 
o mnxxl10 
Up= = = = 5 x 10? m/s. 
k 0.2 
But 
u = — 
P V& 
Hence, 
(s » (= aj . 
& = | — = = 36 
Up 5 x 107 
(c) 
| DA 1. A r 7 ^ 7 
H = —k x E = —x x [y3sin(z x 10/t — 0.2zx) +24 cos(z x 10^t — 0.2zx)] 
n n 
aes „4 
= E sin( x 107t — 0.2zx) — s cos(z x 10’t—0.2mx) (A/m), 
with 


No 1207 
= ce —— — =208 = 62.83 (Q). 
EET ET n (Q) 


Problem 7.6 The electric field of a plane wave propagating in a lossless, 
nonmagnetic, dielectric material with £y = 2.56 is given by 
E = $20cos(6z x 10°t—kz) (V/m) 


Determine: 
(a) f. up. À, k, and n. 
(b) The magnetic field H. 


Solution: 
(a) 
Q = 2x f = 6n x 10? rad/s, 
f =3 x 10° Hz = 3 GHz, 
c 3x10 
Uy = = = 1.875 x 10° m/s, 
P^ V& v2.56 
1.875 x 10? 
du 5. 59 LECHE 
f 6 x 10? 
2n 2x 
k = — = ———., = 201.4 rad/m, 
A 3412x102 
37 377 
ge. = —_ = 235.62 
V& 2.56 
(b) 


20 
H=-x 5 cos(6z x 10?r — kz) 


^ 


— 7235.62 
= —£8.49 x 10 ?cos(6z x 109: —201.4z) (A/m). 


cos(6z x 10?r — 201.4z) 


Problem 7.13 Compare the polarization states of each of the following pairs of 
plane waves: 


(a) Wave 1: E; = $2cos(ot — kz) + y2sin(@t — kz). 
Wave 2: E; = 2 cos(@t 4- kz) 4- Y2sin(tr + kz). 
(b) Wave 1: E; = X2cos(of — kz) — y2sin(cr — kz). 
Wave 2: E» = X2cos(ot + kz) — y2sin(or + kz). 
Solution: 
(a) 
E; = $2cos(ot — kz) + 92sin(@t — kz) 
= X2cos(@t — kz) -- y2cos(ot — kz — 1/2), 
E; =%2e J* 4 $2e IE eT, 


Wo = tan ! (=) tan "145°, 
ax 


Hence, wave | is RHC. 
Similarly, 7 
E; = &$2e/* 4 $2e/ eT, 
Wave 2 has the same magnitude and phases as wave 1 except that its direction is 


along —2 instead of +z. Hence, the locus of rotation of E will match the left hand 
instead of the right hand. Thus, wave 2 is LHC. 


(b) 
E; = X2cos(0t — kz) —y2sin(@t — kz), 
E, = £2e* 4 92e Ee)", 


Wave 1 is LHC. E l m 
E; = &$2e/F 4 920K 47/2. 


Reversal of direction of propagation (relative to wave 1) makes wave 2 RHC. 


Problem 7.14 Plot the locus of E(0,7) for a plane wave with 
E(z,t) = &sin(ot - kz) 4- 2cos(ot + kz) 


Determine the polarization state from your plot. 


Solution: 


Figure P7.14: Locus of E versus time. 


E = x sin(@t+kz) +y2cos(@t-+kz). 
Wave direction is —z. Atz = 


E=Xsin@t+y2cosor. 


Tip of E rotates in accordance with right hand (with thumb pointing along —2z). 
Hence, wave state is RHE. 


Problem 7.15 For each of the following combinations of parameters, determine if 
the material is a low-loss dielectric, a quasi-conductor, or a good conductor, and then 
calculate œ, B.A. up. and Ne: 


(a) Glass with u, = 1, £& = 5, and o = 10? S/m at 10 GHz. 
(b) Animal tissue with Ur = 1, £j; = 12, and o = 0.3 S/m at 100 MHz. 
(c) Wood with u, = 1. £, = 3. and g = 1074 S/m at 1 kHz. 


Solution: Using equations given in Table 7-1: 


Case (a) Case (b) Case (c) 


3.6x10 P 4.5 600 
low-loss dielectric — quasi-conductor good conductor 
8.42 x 10! Np/m 9.75 Np/m 6.3 x 10-4 Np/m 


468.3 rad/m 12.16 rad/m 6.3 x 1074 rad/m 
1.34 cm 51.69 cm 10 km 
1.34 x 10° m/s 0.52 x 10* m/s 0.1 x 10° m/s 
c 168.5 Q 39.54 + j31.72Q 6.28(1 +j) O 


Problem 7.20 The skin depth ofa certain nonmagnetic conducting material is 3 um 
at 2 GHz. Determine the phase velocity in the material. 


Solution: For a good conductor, œ = ß, and for any material 6, = 1/œ. Hence, 


oO 2n 
B = FE anf = 28 x 5x 10? x 3 x 10°°=9.42 x 10* (m/s). 


Up = 


Problem 7.22 The electric field of a plane wave propagating in a nonmagnetic 
medium is given by 


E —225e >™ cos(2m x 10?: — 40x) (V/m) 


Obtain the corresponding expression for H. 


Solution: From the given expression for E, 


Q —2nz x10? (rad/s), 


Q —30 (Np/m), 
p —40 (rad/m). 


From (7.65a) and (7.65b), 


z 


(^ 
2 2 2 / 2 I / 
a —p — —60 UE = —0o Mofo, E & 


" a 
n n 
2aB =w ue =S 


Using the above values for œ, œ, and D. we obtain the following: 


ny -1/2 5 -jji uM 
= 1 € - 377 1 a — 157.9 2/3685 (Q). 
£g 


ad 10. ~ 1 | | 

H= he XxE- 15879,5635 £x225e 996-49 — —$0.164 gg FO 
c 57.90779- 

H = 9te(He/"') = —$0.16e°™ cos(2m x 109r — 40x — 36.85°) (A/m). 


Problem 7.24 In a nonmagnetic, lossy. dielectric medium, a 300-MHz plane wave 
is characterized by the magnetic field phasor 


H = (k— j4z)e Ye J” (A/m) 
Obtain time-domain expressions for the electric and magnetic field vectors. 


Solution: B 
E = -N.k x H. 


To find ne. we need £’ and £”. From the given expression for H. 


@=2 (Np/m), 
B=9 (rad/m). 


Also, we are given than f = 300 MHz = 3 x 10? Hz. From (7.65a). 


a? =p = —o ue’, 


io 
4—81=—(2" x3 x 10 x 4x x 107 x e/ x —, 
361 
whose solution gives 
e = 195. 
Similarly, from (7.65b), 
2ap = o?) ue", 
842 =7 n" 107? 
2x2x9-—(2znx3x10) xin x10 XE x wes 


which gives 


ET 

No ( 155) 377 á i12.6° 

= p = —__ (0.93 + j0.21) = 256.9 02 6. 
v 195 


Hence, 
E = 25699? jx (— jaz)e Me™ 
= (& j4 -- 2) 256.9 e Ve IM 912.6 
= (&4e/*/? 43) 256.9e Pe IVE, 


E = Ref Eei] 
= £1.03 x 10?e ?' cos(cot — 9y + 102.6?) 
--2256.9e ?'cos(ot — 9y -- 12.6?) (V/m), 
H = c(He/^') 
= Ref ($ + j42)e Ve II I) 


=e” cos(wt —9y)+24e F sin(@t—9y) (A/m). 


Problem 7.27 The magnetic field of a plane wave traveling in air is given by 
H = £50sin(2z x 107 — ky) (mA/m). Determine the average power density carried 
by the wave. 


Solution: 


H = £50sin(2z x 10’t—ky) (mA/m), 
E = —noy x H = Zgo50sin(2z x 10’t—ky) (mV/m), 
12 


.. a o(50)? . 120z "M 
uc X SEU x10 $— $—,—(50)* x 1076 = $0.48 (W/m?). 


Problem 7.28 A wave traveling in a nonmagnetic medium with € = 9 is 
characterized by an electric field given by 


E = [$3cos(z x 10’t + kx) 
—Z2cos(z x 10’t+kx)] (V/m) 
Determine the direction of wave travel and average power density carried by the 
wave. 


Solution: 
No 1200 _ 


1 Ve Vo 


The wave is traveling in the negative x-direction. 


40r (Q). 


[32 +27] . 13 


S 
xà 2n 2 x 40x 


= —%0.05 (W/n?). 


Problem 7.32 At microwave frequencies, the power density considered safe for 
human exposure is 1 (mW/cm?). A radar radiates a wave with an electric field 
amplitude E that decays with distance as E(R) — (3,000/R) (V/m), where R is the 
distance in meters. What is the radius of the unsafe region? 


Solution: 
E(R)? 
Sw = | D 1 (mW/cn?) = 10? W/cm? = 10 W/m”, 
0 
3x10 V? 1 1.2 x 104 
10= x— =L 
R 2 x 1207 R2 
1.2 x 105 12? 
R= A — 34.64 m. 


Problem 7.36 A team of scientists is designing a radar as a probe for measuring the 
depth of the ice layer over the antarctic land mass. In order to measure a detectable 
echo due to the reflection by the ice-rock boundary. the thickness of the ice sheet 
should not exceed three skin depths. If ef — 3 and e” = 10 ? for ice and if the 
maximum anticipated ice thickness in the area under exploration is 1.2 km, what 
frequency range is useable with the radar? 


Solution: 
36, = 1.2 km = 1200 m 
ôs = 400 m. 
Hence, 
a= n = as —2.5x10? (Np/m). 


Since £"/e' < 1, we can use (7.75a) for o: 


| oe” [u —2mzf&£/£o | nf&g  nfx10? 


E OE Eois == ^ = 6f x 10° !Np/m. 
2 Ve EN d cV&  3x108y3 f p 


For æ = 2.5 x 10° = 6f x 107", 
f = 41.6 MHz. 
Since & increases with increasing frequency, the useable frequency range is 


f < 41.6 MHz. 


